The ryanodine receptor-Ca2+ release channel complex of skeletal muscle sarcoplasmic reticulum. Evidence for a cooperatively coupled, negatively charged homotetramer.
The subunit structure of the rabbit skeletal muscle ryanodine receptor-Ca2+ release channel complex was examined following solubilization of heavy sarcoplasmic reticulum membranes in two zwitterionic detergents, 3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonic acid (Chaps) and Zwittergent 3-14. High and low affinity [3H]ryanodine binding was retained upon solubilization of the complex in Chaps but was lost in Zwittergent 3-14. The purified complex migrated as a single peak with an apparent sedimentation coefficient of approximately 30 and approximately 9 S upon density gradient centrifugation and with isoelectric points of 3.7 and 3.9 upon two-dimensional gel electrophoresis in Chaps and Zwittergent 3-14, respectively. Electron microscopy of negatively stained samples indicated that the distinct four-leaf clover structure of the ryanodine receptor observed in Chaps disappeared following Zwittergent treatment of the 30 S complex and instead showed smaller, round particles. Ferguson plot analysis following sodium dodecyl sulfate-polyacrylamide gel electrophoresis of partial and fully cross-linked and incompletely denatured complexes suggested a stoichiometry of four Mr approximately 400,000 peptides/30 S ryanodine receptor oligomer. [3H]Ryanodine binding to the membrane-bound receptor in 50 microM--1 mM free Ca2+ revealed the presence of both high affinity (KD = 8 nM, Hill coefficient (nH) = 0.9) and low affinity (nH approximately 0.45) sites with a ratio of 1:3. Reduction in free Ca2+ to less than or equal to 0.1 microM or trypsin digestion of the membranes resulted in loss of high affinity but not low affinity ryanodine binding (Hill KD = 5,000 nM, nH = 0.9). Addition of 20 mM caffeine to the nanomolar Ca2+ medium decreased the Hill KD to 1,000 nM without changing the Hill coefficient. Occupation of the low affinity sites altered the rate of [3H]ryanodine dissociation from the high affinity sites. Single channel recordings of the purified ryanodine receptor channel incorporated into planar lipid bilayers also indicated the existence of high and low affinity sites for ryanodine, occupation of which resulted in formation of a subconducting and completely closed state of the channel, respectively. These results are compatible with a subunit structural model of the 30 S ryanodine receptor-Ca2+ release channel complex which comprises a homotetramer of negatively charged and allosterically coupled polypeptides of Mr approximately 400,000.